SYNOPSIS The antitrypsin activity of human serum was studied as a function ofpH, preincubation of serum with trypsin, and the concentrations of substrate, trypsin, and serum. Maximal activity was observed between pH 8-0 and 8-3. Activity was enhanced by preincubation of serum with trypsin, and reduced by high concentrations of trypsin and substrate. Percentage inhibition was a sigmoid function of log serum concentration. Theoretically, this relationship is expected of a reversible enzyme inhibitor; reversibility was demonstrated by dilution of enzyme serum mixtures. Practically, this relationship limits accurate antitryptic activity assay to the 25-75 % inhibition range.
. The structure of this protein is determined by a genetic locus believed to have at least 11 alleles (Daughaday, Eradio, and Pierce, 1971) . The genotype ZZ is associated with panacinar pulmonary emphysema and with juvenile cirrhosis (Guenter, Welch, and Hammarsten, 1971) . Whether disease is associated with other genotypes is in dispute (Guenter et al, 1971 ). Resolution will require clinical study of a large number of individuals of known genotype. Complete genotyping at present requires crossed antigen-antibody electrophoresis (Fagerhol, 1969) , a time-consuming procedure. Published methods for measurement of serum trypsin inhibitory capacity do not reliably separate the commonest genotype (MM) from the commonest Z heterozygote (MZ) (Fagerhol, 1969) . Our long-range aims are developing simpler genotyping methods and clarifying the pathogenesis of lung injury. As a preliminary study, we have undertaken a characterization of human serum antitrypsin activity.
Methods
Sera previously genotyped by crossed antigenantibody electrophoresis (Fagerhol, 1969) (preincubation), 0-02 ml of 80 mM TAME was added and the change in OD at 247 nm determined. The optical density change was recorded to provide initial rates.
A Gilford spectrophotometer (model 220), automatic cuvette positioner (model 210), and recorder (model 6040) provided the simultaneous recordings of four reactions. The reaction rate was linear for at least five minutes. A control, identical except for the absence of serum, was run simultaneously. Percentage inhibition was calculated by dividing the difference between the control rate and the rate in the presence of serum by the control rate.
Results and Discussion
The trypsin inhibitory activity of human serum was affected by various features of the assay. These 48 group.bmj.com on September 21, 2017 -Published by http://jcp.bmj.com/ Downloaded from included the pH, the period of preincubation of serum with trypsin, the concentration of substrate, and the concentration of trypsin.
The pH-activity curves with and without serum were similar (Fig. 1) . The pH optimum for both is between 8-0 and 8&3. Between pH 7-0 and 8-5 antitrypsin activity rises with increasing pH. The pHactivity curve of human serum antitrypsin resembles that of bovine pancreatic trypsin inhibitor (Laskowski and Sealock, 1971) . Above pH 8-0, however, the known alkaline instability of trypsin complicates interpretation of results. Therefore, for routine assay, pH 8&0 is a satisfactory choice. pH Fig. 1 Effect of pH on trypsin and serum antitrypsin activity. Trypsin and serum antitrypsin activity were determined as described under Methods, except that pH was as shown above.
The effect of preincubation of serum with trypsin is shown in Figure 2 . Preincubation up to 15 minutes increases the degree of inhibition observed. This phenomenon may be due in part to the requirement for a given steric orientation of the two molecules, a large inhibitor molecule requiring more time to achieve this orientation than a small molecule. Preincubation time (min) Fig. 2 Effect ofpreincubation of serum with trypsin on serum antitrypsin activity. The substrate (TAME) was added at the end of the preincubation period shown and the recording of reaction rate begun immediately.
The effect of substrate concentration on trypsin activity and serum antitrypsin activity is shown in Figure 3 . For trypsin activity the optimum concentration of TAME is 1-2 mM. With increasing TAME concentration from 0-2 to 1 6 mM, antitrypsin activity decreases.
The effect of trypsin concentration on antitrypsin activity is shown in Figure 4 . With increasing amounts of trypsin, less inhibition is seen with a given amount of serum. The reduction in activity observed with high concentrations of trypsin depends to some extent on the original level of antitrypsin activity in serum. In general, increasing the concentration of trypsin increases accuracy at high levels of antitrypsin activity but decreases accuracy at low levels. Since, from a clinical point of view, estimation of low levels is of more significance, a reduced concentration of trypsin may be advisable for routine testing employing a single trypsin concentration. It should be noted that the low concentrations of serum used in the method described here are not appropriate for all assay methods. In the commonly used method of Eriksson (1965) , for example, use of such low concentrations of serum would lead to inaccuracies.
It has been claimed that antitrypsin activity is inversely proportional to the amount of serum used in the assay (Homer, Katchman, and Zipf, 1963; Webb, 1963) . The relation is more complex. As shown in Fig. 4 , the antitrypsin activity is a sigmoid function of the log of the amount of serum 0.5 1 Volume of serum used. The sigmoid character is especially prominent with small amounts of enzyme. The relation is also sigmoid when BAEE is used as substrate, showing that this result is not dependent on the use of the substrate TAME. In addition, it was sigmoid when homozygous deficient ZZ serum was substituted for MM serum, indicating this to be a property of serum antitrypsin activity not limited to the MM genotype. For a reversible inhibitor, a sigmoid relation is the expected relation whatever the mechanism of inhibition (Eriksson, 1965) . In the case of serum inhibition of trypsin, the binding of trypsin by alpha2-macroglobulin also contributes to the sigmoid shape (Ganrot, 1967 Fig. 4 is more gradual; to achieve 100O" inhibition in our assay requires approximately 0-1 ml of normal serum. This feature is not readily explained Effect of serum and trypsin concentrations on serum antitrypsin activity. Complete inhibition is observed only with much larger amounts of serum, about 0 1 ml in this assay.
Characteristics of the antitrypsin activity of human serum by the simplest reversible enzyme-inhibitor model. It may represent the binding of a fraction of the trypsin to alpha2-macroglobulin rather than the alpha1-antitrypsin (Haverback, Dyce, Bundy, Wirtschafter, and Edmondson, 1962) . In summary, a sensitive assay for serum antitrypsin activity must take into account the narrow optimal pH range, the greater activity upon preincubation of serum with trypsin, and the sigmoid relation between the log of the serum volume and the inhibition observed. Although manipulation of these variables has not permitted consistent distinction between MM and MZ types, work is in progress combining these features with different substrates and with enzymes other than trypsin.
